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The development of the Carrel-Lindbergh  technique  (1) for the cultiva- 
tion of whole organs has opened up many possibilities in the field of biolog- 
ical research.  But to realize  aU these possibilities it is necessary to have 
artificial media that can be used in the place of blood and serum, to nourish 
the organs after they have been removed from  the body.  If such media 
could be found,  the cost of experimentation  would be reduced,  studies on 
the behavior of human organs under various pathological conditions would 
become possible,  and  the  organs  of animals  too  small  to  yield  sufficient 
serum  could  be  utilized.  Moreover,  many  kinds  of  experimental  work, 
difficult to  carry on  when  serum  has  to  be used as a  nutrient,  would be 
facilitated;  as,  for instance,  the  isolation  of substances  of protein  nature 
secreted by the organs, and the study of the effect of the complete absence 
in the medium of some of the substance normally present in serum. 
Artificial media, developed with this end in view, by means of the tissue 
culture technique, were described in the first article of this series (2).  Ex- 
periments in which these media were tested for their power to sustain  the 
life of apure strain of fibroblasts in vitro were also.reported (2).  The pur- 
pose of the  present  communication  is  to  describe the  results  obtained  on 
using  these  media  for  the  cultivation  of whole  organs  1 in  the  Lindbergh 
apparatus. 
In a number of these experiments the organs were kept under cultivation 
for only 3 or 4 days, i.e., no longer than some of them survive when perfused 
with Tyrode's solution.  Yet even within these brief periods marked changes 
in some of the glands were noted, and differences in the effects of the various 
* Reported in brief by Carrel and Lindbergh (3). 
1 The cultivation  of these organs was carried out by a number of members of this 
department.  Miss  Irene McFaul has performed the operations in a large number of the 
experiments.  Dr. Raymond Parker and Dr. Albert Ebeling have performed the opera- 
tions for some others. 
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media observed.  In other experiments the  cultivation was  continued for 
periods varying from 10 days to several weeks. 
Methods 
No description of the cultivation technique will be given here, since that has already 
been described (3).  When the experiments were terminated the cultivated organs were 
separated from the arteries and connective tissue and fixed in Zenker-formol,  or in 
Bouin's picro-formol solution.  They were then sectioned and stained with hematoxylin- 
eosin, and also, in some instances by Goldner's (4) modification of the Masson trichrome 
technique.  When glands that occur in pairs in the animal were cultivated, one of them 
was removed at the time of operation and was  fixed immediately in the same manner 
as the cultivated gland, so that a comparison of the cultivated and the uncultivated, or 
control gland, could be made, and the changes resulting from the cultivation determined. 
EXPERIMENTAL 
Results with Medium I.-- 
The simplest medium (medium I), as described in the first article of this series, was 
made up of a digest of whole blood (2), 2 per cent serum, and Tyrode's solution.  It was 
modified for the experiments described here by the addition of tryptophane (5 nag. per 
cent) and potassium iodide (0.13 mg.  per cent).  The glucose concentration was  in- 
creased to 300 rag. per cent, and phenol red (0.05 per cent) was added to serve as an 
indicator of pH. 
A  cat ovary that was cultivated in this medium for 4  days was found to 
be indistinguishable  from the  control ovary taken  from the  same  animal 
and fixed without cultivation.  The cells within it appeared to be entirely 
normal and well nourished.  Its ova, in their different stages of maturation, 
were well preserved, and a corpus luteum was in excellent condition.  Pho- 
tographs of portions of this gland are shown  in Figs.  1 and  2.  A  guinea 
pig heart Cultivated in this medium, with the serum concentration increased 
to 5 per cent, pulsated for 3 days.  The heart muscle and the tissue of the 
lung that was cultivated with it were both found to be in excellent condition. 
A  thyroid gland cultivated for 6  days was likewise well preserved.  Com- 
parison of sections of this gland with those of the control gland showed that 
the  epithelium  had  become lower during  the  cultivation,  and  the  colloid 
less vacuolated.  A few dead cells coming from a small area that degenerated 
will be seen in between some of the follicles, Fig. 3. 
Results with Medium H.-- 
The second medium, as reported in the experiments on fibroblasts (2), consisted  of 
blood digest,  cysteine hydrochloride, insulin,  heroin,  thyroxin, vitamins A, B1, B2, C, 
and D, glutathione, potassium iodide,  and Tyrode's solution made with 300 rag.  per 
cent glucose.  This was modified for the organ culture experiments by the addition of 
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amount of Witte's peptone, enough to give 7.4 rag. per cent nitrogen.  No serum was 
used here except  that small amount, 0.05 per cent, required  as a solvent  for vitamins 
Aand D. 
A  considerable number of cat thyroids were cultivated in this medium, 
the perfusion being continued for 6 days in each case.  Consistently good 
results were obtained.  In each case the glands seemed to be normal  ~ and 
well  nourished.  Comparison  of  the  cultivated  glands  with  the  uncul- 
tivated  controls  showed  that  the  epithelium  had  become lower  and  the 
colloid less  vacuolated  during  the  cultivation.  An  illustration  from  one 
of these  experiments  will be  found in  Fig. 4. 
This same medium with 2 per cent serum, or 0.1 per cent casein, added, 
was used by Bauer in perfusion experiments undertaken in this laboratory 
with guinea pig heart,  lung, liver, kidney, suprarenal gland,  and other or- 
gans.  These experiments have been reported elsewhere (5).  When guinea 
pig serum was not available,  cat serum heated for one hour at 56°C. was 
used  instead.  No  harmful  effect  of  the  foreign  serum  was  noted.  The 
serum was incorporated in the medium in these experiments partly because 
of  its  added  nutritive  value,  and  partly  to  insure  smooth  action  of  the 
valves of the  pumps,  some  of which  were  not sufficiently well  ground  to 
function smoothly in a serumless medium.  The addition of a small amount 
of casein was found later to have the same effect on the valves.  3 
Results  with  Medium  III.-- 
Medium III,  as used  in the experiments  with fibroblasts,  had the following corn- 
position: 
per 100 aa. 
Whole blood  digest, in quantity 
to give  ....................  60  rag. N 
Tryptophane  ................  5 to 10 rag. 
Cysteine hydrochloride  .......  9.0 rag. 
Insulin ......................  0.1 unit 
Thyroxin  ....................  0.001  rag. 
#er 100 co. 
Hem_in ......................  0.004  rag. 
Vitamin A dissolved in serum 
(0.05 cc.).  4  The vitamin A 
concentrate used here con- 
tained 1 unit vitamin D for 
each 5 units A  5  ............  100 units 
Detailed cytological studies such as were made by Okkels on the cultivated thyroid 
(J. Exp. Med., 1937, 66, 297) have not been possible in this work.  The term "normal" 
as here  used  refers  to the structure as  revealed  in sections  stained  with hematoxylin 
and eosin. 
3 Casein, when tested for its toxic effect on fibroblasts in tissue culture,  was found to 
be injurious  at twice this concentration.  However, at this concentration it was appar- 
ently not harmful during a 4 week experiment. 
4 Cat serum was used as the solvent for vitamin A even when the medium was used 
for the cultivation of the human thyroid. 
5 The amount of vitamin D taken up by the serum has not been determined. 32  CULTIVATION  OF  ORGANS  IN  ARTIFICIAL  MEDIA 
~er 100 ¢c. 
Vitamin B1 ..................  0.1 gamma 
Vitamin B~ ..................  3.4 gammas 
Ascorbic acid  ................  0.3 rag. 
Glutathione  .................  1.2 rag. 
Glucose  .....................  300.0  rag. 
Potassium iodide  .............  0.13  rag. 
Phenol red ..................  5.0 rag. 
Witte's  peptone,  to 
supply  ................  6.0 to 7.4 rag. N 
Sodium glycerophosphate  .....  57.3  rag. 
per 100 c¢.. 
Urea .......................  2.4 rag. 
Glycerine  ...................  0.2 cc. 
Thymus nucleic acid  ..........  20.0  rag. 
Antuitrin ....................  0.2 cc. 
Adrenalin chloride  ............  0.1 cc. 
Eschafin,  suprarenal  cortex 
hormone ..................  0.1 cc. 
Pitressin, pituitary hormone...  0.1 cc. 
Casein  6  .....................  0.I gin. 
This medium, prepared according to the above formula, and with certain 
modifications as will be noted under the individual experiments, has been 
used for the cultivation of a large number of glands including the prolonged 
cultivation of the human thyroid.  The uterus and ovaries of a  cat which 
were perfused for 4  days were found in excellent condition.  A  portion of 
the uterine mucosa from one of these experiments is shown in Fig.  5.  A 
uterus cultivated for 15 days in this medium with the eschatin, pitressin, 
and  adrenalin  reduced to  1/5  the concentrations given above, was not so 
well  preserved.  7  Some  areas  within  the  gland  had  degenerated,  while 
others in close juxtaposition were still in good condition.  A portion of the 
uterine mucosa is shown in Fig. 6.  All the ova in an ovary that was cul- 
tivated for 18 days in the original medium to which a suspension of lecithin 
and cholesterol was added were degenerated.  But the cells of the follicles 
and  much  of  the  interstitial  tissue  were  still in  good condition  (Fig.  7). 
Another ovary perfused for 39  days with the original medium was in  ap- 
proximately the same condition but had somewhat larger areas of degenera- 
tion.  It is probable that  there was  a  stoppage of circulation to parts of 
these glands,  due either to particles of the suspension or to air emboli. 
A  cat testicle cultivated in this medium for 4  days showed some multi- 
nucleated giant cells within the tubules,  but the epididymis was well pre- 
served (Fig. 8).  As the formation of multinucleated cells has been noted 
also in experiments in which testicles were cultivated in 40 per cent serum, 
it would seem that this change is due to some condition attending the cul- 
tivation, rather than  to the use of the artificial medium; 
Kidneys  and  suprarenal  glands  cultivated  in  this  medium  behaved  in 
the same way as those that were cultivated in serum.  Considerable por- 
tions  of  the  gland  degenerated.  It  is  believed  that  this  degeneration  is 
6 Harris purified casein free from vitamins A and B. 
7 In this particular experiment the medium became slightly hypertonic during the 
cultivation because of incomplete saturation of the incoming air with water. LILLIAI~ E. BAKER  AND  ALEXIS CARREL  33 
brought  about  by  an  insufficient supply  of oxygen.  Results  that  were 
somewhat  better,  but  still  not  entirely  satisfactory,  were  obtained  by 
carrying out the cultivation at room temperature.  The medium contains a 
little more oxygen under these conditions, and the metabolism of the gland 
is  lower.  Photographs  of the  medulla of  a  suprarenal  cultivated  for 3 
days at room temperature, and of the pelvis of a  kidney cultivated for 5 
days, are shown in Figs. 9 and 10.  In the experiment with the kidney the 
medium contained no serum, and no vitamin A or D. 
Cat  thyroids  cultivated  for 4  days  in  this  medium presented  a  very 
different appearance from those cultivated in the first two media described. 
The cells were large, the epithelium high, and the colloid showed a  con- 
siderable degree of vacuolation.  They seemed to have been well nourished 
and to have secreted actively.  A comparison of the cultivated glands with 
the uncultivated controls showed that the glands had become more active 
during cultivation.  A  cat thyroid cultivated for 11 days in this medium, 
with the adrenalin, eschatin, and pitressin reduced to one-fifth the concen- 
tration noted above, was also in excellent condition (Fig.  11).  The epi- 
thelium was higher than that of the control gland, and the colloid more 
vacuolated.  The cells were large, and the whole gland presented the ap- 
pearance of being well nourished.  Another thyroid cultivated for 15 days 
was almost completely degenerated, due to an accidental blocking of the 
circulation, but the parathyroid cultivated with it was alive and in good 
condition (Fig. 12).  Thyroids perfused for 4 days in the same medium but 
with the serum and vitamins A and D  omitted, presented the same appear- 
ance  as  those  cultivated for 4  days in  the  complete medium  (Fig.  13). 
The  parathyroids were also  in  good  condition, but  showed considerably 
more vacuolation than did the uncultivated controls (Fig. 14).  Essentially 
the same results were obtained in another 4 day experiment in a medium 
in which amino acids, obtained by hydrolyzing casein,  8 replaced the blood 
digest and the Witte's peptone, and in which the vitamins, A and D, were 
also omitted.  A  human thyroid cultivated in a  medium in which amino 
acids replaced the blood digest and peptone, but which contained vitamins 
A and D, was still alive after 10 days' cultivation (Fig.  15) but was quite 
soft  and edematous.  9 
This  human thyroid and others submitted to  cultivation  as described 
below, were obtained through the courtesy of Dr. Foot of the New York 
8 Obtained  from Mead Johnson and Company.  Laboratory product No. 894. 
9 Experiments on fibroblasts in tissue culture have shown the amino acid medium 
to be much inferior to that containing the blood digest. 34  CULTIVATION  OF ORGANS  IN ARTIFICIAL MEDIA 
Hospital.  They consisted of those parts of the thyroid that were removed 
at operation from 12 patients suffering from Graves' disease,  from 2 with 
nodular goiters, and 3  with adenomas.  These glands were cultivated in 
medium III and various modifications of it for periods ranging from 5 to 
35  days, with one experiment lasting 47  and another 62  days.  Biopsies 
were made at frequent intervals, so that it was possible  to follow changes 
occurring during  the  cultivation.  Since  previous  experiments with  cat 
thyroids had indicated that medium III stimulated the thyroid to rather 
great activity, changes in its hormone content were made from experiment 
to experiment in the hope of finding a medium that would maintain the 
gland more or less in its original condition.  Thus, about one-third of the 
glands were cultivated in the medium, as described above.  Another third 
were cultivated in  the  same  medium with  the  adrenalin,  eschatin,  and 
pitressin reduced to one-fifth the concentrations  originally used; and another 
third in a medium containing theelin (0.4 gammas per cent), adrenalin at 
one-fifth the original concentration, and with the thyroxin concentration 
increased about 50 per cent above that previously used.  t°  In a number of 
these experiments nucleic acid was left out of the medium since some pre- 
vious  experiments with  tissue  cultures  indicated  that  it  might  not  be 
needed.  Whenever the vascular system in the specimen indicated that it 
might be  possible  to  establish  two  separate  systems of  circulation,  the 
tissue was divided and cultivated in two separate pumps, in media designed 
for comparison, as for instance, with and without adrenalin, or with and 
without added insulin.  But in only a few instances was it possible to make 
such experiments and to  carry both specimens for a  sufficient  length of 
time to obtain the information sought.  Nevertheless, some valuable clues 
as to the effect of some of the constituents of the medium were gleaned by 
studying all the data, even though they were on glands taken from different 
individuals.  The conclusions drawn are being reported in a joint paper with 
Dr. Foot who made a careful analysis of the effects of cultivation and at- 
tempted to correlate them with the variations in composition of the media, 
and also with the condition of the patient from whom the gland was taken. 
It will suffice for this report to note some of the more obvious changes that 
occurred, and to discuss  the results from the standpoint of the nutritive 
efficiency of the media. 
In most of these experiments there appeared sooner or later some areas 
in which the tissue had degenerated.  In close proximity to these degen- 
erated areas other tissue was found that was in  excellent condition.  It 
x0 The thyroxin  concentration  was increased in this medium  because  it was originally 
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was obvious,  therefore, that the degeneration was caused by lack of suf- 
ficient circulation in certain portions of the gland, and not by deficiency in 
the nutritional properties of the medium.  These degenerated spots were 
very limited in area during the first 2 weeks of cultivation.  After 4 or 5 
weeks of cultivation they comprised a  considerable portion of the gland, 
sometimes leaving only small islands of tissue that were still alive.  Any 
one of a  number of causes may have been responsible for this condition. 
In each experiment with the human thyroid the gland was dipped for a 
few seconds in Dakin's solution to insure its sterility.  This brought about 
surface degeneration.  Fragments coming from the degenerated tissue may 
have blocked circulation to other parts of the gland.  The biopsies  that 
were made may also have interrupted circulation to portions of the gland. 
Then, too, because the mass of tissue that was being cultivated was quite 
large, a frequent change of medium was required,  n  This was accomplished 
by transferring the organ to a new pump containing the new medium, thus 
increasing the possibilities  for introduction of air emboli.  And once de- 
generation occurs in  any portion of the gland  the possibility  of the  de- 
generating tissue clogging the capillaries to another part is increased.  It 
seems probable also that the vascular system may have broken down even- 
tually, due to inadequate nourishment in the artificial medium, or to its 
having been  submitted  to  too  great a  physical strain  in  the  apparatus. 
Taking all these factors into consideration, it is not surprising that localized 
degeneration occurred.  The important fact to note is that the gland as a 
whole was in excellent condition in most instances after 9 or 10 days' cul- 
tivation;  a  considerable portion,  as judged by the biopsy specimens, was 
still viable and in good condition after 3 weeks; while other portions that 
could be used for histological study lived for much longer periods. 
That the glands were alive and functioning is shown by the progressive 
changes that occurred as cultivation was continued,  n  In many instances 
the epithelium grew higher and higher, and the colloid became more and 
more vacuolated.  Other glands appeared to be unchanged.  Fig. 16 shows 
a  well involuted gland from a patient with Graves' disease, before its cul- 
tivation; Fig. 17, the same gland after 14 days' cultivation; and Fig. 18, the 
same gland after 26 days.  The medium with which this gland was perfused 
contained theelin and extra thyroxin.  Another gland, not so well involuted, 
also taken from a patient with Graves' disease, is shown before its cultiva- 
tion, in Fig.  19; after 7 days' cultivation, in Fig, 20; and at the end of 27 
n Continuous faU in the pH of the medium necessitated  renewal of  the perfusate 
every 2 or 3 days during the first 2 weeks, and  at somewhat less frequent  intervals 
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days' cultivation, in Fig.  21.  In  this  case the medium was prepared  as 
originally described.  In the first instance it will be seen that considerable 
colloid remained at tt~e end of 26 days in  the apparatus.  In the latter, 
considerable colloid remained after 7 days of cultivation, but after 27 days 
hardly any colloid was left. 
Fig.  22  shows the same gland as pictured in Figs.  19,  20,  and 21,  cul- 
tivated for 27 days in a  medium with a  lower concentration of three hor- 
mones--eschatin,  pitressin,  and  adrenalin.  Considerable  colloid  is  still 
left in the gland, and the height of the epithelium compares favorably with 
that after only 7 days in  the medium with the higher hormone content. 
The other illustrations (Figs. 23 to 27) are chosen to show the state of the 
tissue after quite prolonged periods of cultivation, 35 days in two instances, 
and 62 days in another.  TM  For illustrations showing the condition of the 
glands at earlier periods in the cultivation, and for a  more complete dis- 
cussion of the results,  the reader is  referred to  the following joint paper 
with  Dr.  Foot. 
DISCUSSION 
All the media used in this work have been found capable of sustaining 
the life of fibroblasts in ~itro for 30 days or longer.  Therefore, although 
many of the experiments cited here were of short duration, they illustrate 
results with media that could presumably support cell life for a much longer 
time.  Some  of  the  difficulties  encountered in  these  short  experiments, 
namely, those with the kidney and suprarenal gland, some of the changes 
noted with the testicle, and the occasional occurrence of degenerated areas 
in close juxtaposition to others in which the cells were maintained in ex- 
cellent condition, appear to be due to accidents, or to conditions attending 
the cultivation technique, rather than to the fact that artificial media were 
used.  Identical results were observed on cultivating the same glands in 
40  per cent serum.  Other difficulties, such as the  appearance of rather 
extensive  areas  of  degeneration  after  prolonged  cultivation,  may  have 
been due to deficiencies in the nutritive quality of the perfusate.  That a 
medium entirely or almost entirely free from serum proteins and lipoids 
should function in as efficient a manner as serum is hardly to be expected. 
Moreover, it is obvious that the medium used here still lacks many sub- 
stances that are available at one time or another to the organs within the 
body.  Some of these missing substances are undoubtedly essential to the 
continued life and functioning of the cells. 
12 Although the medium was changed at frequent intervals the possibility that its 
nutritive action was supplemented by substances coming from the degenerated tissue 
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Nevertheless, some valuable and interesting results have been obtained, 
which give great promise for what may be accomplished in the future.  The 
human thyroid has been maintained in viable condition for from 2  to  3 
weeks with parts of it viable after 5 or 8 weeks, in media entirely devoid of 
human serum.  Some other glands have been maintained for a  sufficient 
length of time  to  make  the pursuit  of certain investigations with  them 
possible. 
Since the work reported here is the first in this field, it is necessarily in- 
complete in many respects.  The experiments with the thyroid gland have 
been numerous enough to give a very definite idea of the potentialities of 
the media.  Those with the ovary were too few in number to permit draw- 
ing any conclusion concerning the value of the medium for that organ.  In 
all probability the medium, as used, contained too high a concentration of 
certain hormones.  The experiments made with media that were absolutely 
free from serum show that media that are serumless and yet very nutritious 
can be used for a  short time at least.  Again, however, these experiments 
have been too few in number and continued for too short a time to indicate 
what the potentialities in this field may be. 
There is no doubt that the media which were used here will be altered 
as work in this field is continued.  Some simplifications will probably be 
made, for in devising these media it was not possible to test in as thorough a 
manner as would be desirable, the effect of each constituent.  Some of the 
components were tested in  tissue  culture experiments at  many different 
dilutions.  Others were added in groups, at concentrations thought to be 
within reasonable range as judged by previous experience with other com- 
ponents.  Those previously found to be essential to life in growth-promot- 
ing media were used in the maintenance media without testing each one 
individually under the new conditions.  But once a medium is found that 
will  maintain  life,  its  simplification becomes  a  mere  matter  of  routine, 
though of painstaking work.  The more difficult task lies in completing the 
medium and in providing all the substances that are required for the pro- 
longed life and perfect function of each organ. 
It is certain, of course, that media which are much simpler than that 
used for most of this work will suffice for experiments of short duration. 
The object in creating this medium was to supply as many as possible of 
the substances that would be needed for prolonged life; for it is advisable, 
even in short experiments, to use a medium that nourishes the cells instead 
of one that merely allows them to survive.  Media that will enable one to 
keep a gland under cultivation for a  long time are required, moreover, for 
all experiments in  which one wishes to determine the effect of substances 
acting continuously at  low  concentration.  Such  experiments  are  prob- 38  CULTIVATION  OF ORGANS  IN ARTIFICIAL MEDIA 
ably of the utmost importance since  this may be  the  way  that  certair 
profound changes are produced within the body. 
SUMMARY 
Experiments have  been  described  in  which  organs  cultivated  in  the 
Lindbergh apparatus have been kept alive in artificial media for periods 
ranging from 3 days to 3 weeks,  with life continuing in portions of some 
glands for from 35 to 62 days.  The media used varied in composition from 
very simple and inexpensive ones in which some serum was used to a rather 
complex medium containing only that negligible  amount of serum that is 
necessary as a solvent for vitamin A.  The experiments performed demon- 
strate that artificial media can be used for organ cultivation, thus making 
it possible  to  study the behavior of human organs;  to  control the com- 
position of the media at will; and to reduce the cost of experimentation. 
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EXPLANATION OF  PLATES 
PLATE 1 
FIG.  1.  Experiment 667.  Ovum in  a  cat ovary cultivated 4  days in  medium I. 
Bouin's picro-formol fixation.  Hematoxylin-eosin stain.  X 412. 
FIG. 2.  Same experiment as in Fig. 1, showing another portion of the ovary.  ×  206. 
FIG.  3.  Experiment 645.  Cat  thyroid  cultivated  6  days in  medium I.  Zenker- 
formol fixation.  Hematoxylin-eosin stain.  ×  412. 
FIG. 4.  Experiment 616.  Cat thyroid cultivated 6 days in medium II.  Zenker- 
formol fixation.  Hematoxylin-eosin stain.  X 412. 
FIG. 5.  Experiment 704.  Mucosa of uterus of a pregnant cat, cultivated 4 days in 
medium III.  Bouin's picro-formol fixation.  Hematoxylin-eosin stain.  X 412. 
FIG.  6.  Experiment  796.  Mucosa  of uterus  cultivated  15  days in  medium III. 
Bouin's picro-formol fixation.  Hematoxylin-eosin stain.  X 412. 
FIG. 7.  Experiment 811.  Ovum in a cat ovary cultivated 18 days in medium III 
with  lecithin  and  cholesterol  added.  Bouin's  picro-formol fixation.  Hematoxylin- 
eosin stain.  ×  412. 
FIG. 8.  Experiment 714.  Epididymis of a cat testicle cultivated 4 days in medium 
III.  Bouin's picro-formol fixation.  Hematoxylin-eosin stain.  ×  412. 
FIG. 9.  Experiment 732.  Medulla of the suprarenal gland of a kitten, cultivated 3 
days  at  room  temperature  in  medium  III.  Zenker-formol fixation.  Hematoxylin- 
eosin  stain.  ×  412. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL. 70  PLATE 1 
(Baker and Carrel:  Cultivation of organs in artificial media) PLATE 2 
FIG.  10.  Experiment  776.  Pelvis of the kidney of a  guinea pig embryo, cultivated 
5 days in medium Ill, containing one-half the usual quantity of adrenalin,  antuitrin, 
eschatin, and pitressin.  Zenker-formol fixation.  Hematoxylin-eosin stain.  X 412. 
FIG. 1  I.  Experiment 793.  Cat thyroid cultivated II days in medium III, containing 
one-fifth the usual quantity of eschatin, pitressin, and adrenalin.  Cultivation by Ebel- 
ing.  Zenker-formol fixation.  Hematoxylin-eosin stain.  ×  412. 
FIG.  12.  Experiment  801.  Cat  parathyroid  cultivated  15  days  in  medium  Ill. 
Cultivation by Ebeling.  Zenker-formol fixation.  Hematoxylin-eosin stain.  >< 412. 
FIG.  13.  Experiment  754.  Cat thyroid cultivated 4 days in medium Ill with  the 
serum, and vitamins A and D omitted.  Cultivated by Parker.  Zenker-formo| fixation. 
Hematoxylin-eosin stain.  X 412. 
FIG. 14.  Experiment 754.  Parathyroid gland of a cat, cultivated 4 days in medium 
III with the serum, vitamins A and D omitted.  Same experiment as in Fig. 13.  Culti- 
vation by Parker.  Zenker-formol fixation.  Hematoxylin-eosin stain.  X 412. 
FIG. 15.  Experiment 838.  Human thyroid cultivated 10 days in medium III with 
amino acids  substituted  for the blood digest and Witte's peptone.  Bouin's fixation, 
Masson's modification.  Hematoxylin-eosin stain.  X 412. 
FIG. 16.  Experiment 856.  Control for thyroid shown in Figs. 17 and 18.  Unculti- 
vated  portion  of a  thyroid taken  from a  patient  with  Graves' disease.  Fixed  when 
first  procured.  Bouin's  fixation,  Masson's  modification.  Hematoxylin-eosin  stain. 
X 412. 
FIG.  17.  Same gland as shown in Fig. 16 after  14 days' cultivation in medium III, 
with  theelin  added  and  the  thyroxin  concentration  increased.  Note  the  increased 
height  of  the  epithelium.  Bouin's  fixation,  Masson's  modification.  Hematoxylin- 
eosin stain.  X 412. 
FIG. 18.  Same gland as shown in Figs. 16 and 17 after 26 days' cultivation.  Note the 
still  greater height  of the epithelium  and  the greater  vacuolation.  Bouin's fixation, 
Masson's modification.  Hematoxylin-eosin stain.  X 412. THE JOURNAL  OF  EXPERINENTAL  MEDICINE  VOL. 70  PLATE 2 
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FIG. 19. Experiment 830.  Control for  thyroid shown in Figs.  20, 21, and 22.  Un- 
cultivated  portion  of  a  human thyroid  from a  patient  with Graves'  disease.  Fixed  when 
first  received.  Bouin's  fixation,  Masson's  modification.  Hematoxylin-eosin  stain. 
X 412. 
FIG. 20.  Same gland as shown  in  Fig.  19  after 7 days' cultivation in medium III. 
Bouin's  fixation,  Masson's  modification.  Hematoxylin-eosin stain.  X 412. 
FIG. 21.  Same gland as shown in Figs. 19 and 20 after 27 days' cultivation.  Bouin's 
fixation, Masson's modification.  Hematoxylin-eosin stain.  X 412. 
FIG. 22.  Same gland as shown in Figs. 19,  20,  and 21  after 27 days' cultivation in 
medium III with the eschatin, pitressin, and adrenalin reduced to one-fifth the concen- 
tration used for the portion of the gland shown in Figs. 20 and 21.  This gland was 
divided and cultivated in two separate pumps.  The medium contained no iodine during 
the first 9  days.  Bouin's fixation, Masson  modification.  Hematoxylin-eosin stain. 
FIG. 23.  Experiment 835.  Control for the thyroid shown in Fig. 24.  Uncultivated 
portion of a gland taken from a patient with Graves' disease and fixed at once.  Bouin's 
fixation, Masson's modification.  Hematoxylin-eosin stain.  ×  412. 
FIG. 24.  Same gland as shown  in Fig. 23  after 35  days' cultivation in medium IiI 
with  theelin  added.  Bouin's  fixation,  Masson's  modification.  Hematoxylin-eosin 
stain.  ×  412. 
FIG. 25.  Experiment 581.  Control for the thyroid shown in Fig. 26.  Uncultivated 
adenoma fixed at once.  Bouin's fixation, Masson's modification.  Hematoxylin-eosin 
stain.  X 412. 
FIG. 26.  Same gland as shown in Fig. 25  after 35  days' cultivation in medium III 
with  theelin  added.  Bouin's  fixation,  Masson's  modification.  Hematoxylin-eosin 
stain.  X 412. 
FIG. 27.  Experiment 842.  Portion of human thyroid still living after 62 days' culti- 
vation  in  medium  III.  The  medium  contained  no  iodine during  the  first  14  days. 
Bouin's fixation, Masson's modification.  Hematoxylin-eosin stain.  X 412. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL. 70  PLATE 3 
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